With rapid economic development and expansion of urban boundaries, increasingly damaged wetland resources have seriously threatened the ecosystem. The study of eco-environmental requirements of wetlands is not only the basis of water resources allocation in development and utilization, but also for creating a sustainable system to maintain and improve the overall ecosystem.
INTRODUCTION
Wetlands are referred to as the Earth's kidneys. They are crucial in maintaining ecological balance, and play a crucial role in the conservation of biodiversity on the planet (Wu & Li ) . Wetlands not only provide abundant animal and plant resources (Gleick , ) , but also regulate and store flood water, regulate water supply, purify water, and provide other ecosystem services (Cui & Yang ) . Recently, population and industrial growth combined with the expansion of urban boundaries have caused wetlands to be severely damaged. These human intrusions have resulted in weakened ecological functions of wetlands, and have seriously threatened habitat for red-crowned cranes (Wang et al. ) . As people become more aware of the importance of wetlands and understand the relationship between wetlands and water, an increasing number of experts and scholars are beginning to seek new ways to help maintain and improve wetland health. To do so, researchers are trying to balance ecological water requirements with the rational allocation of water resources. Achieving this balance can ensure normal wetlands water circulation in order to improve the ecological function of the overall system, with the goal of restoring function and reconstructing wetland ecosystems (Robertson et al. ; Chen ) . Based on multisource remote sensing data and related meteorological data, this research on the eco-environment water requirement in the Shuangtaizi Estuary Wetland quantifies the suitable and minimal ecological water requirements, and provides the basis for the optimal allocation of water resources in wetlands. Table 1 .
MATERIALS AND METHODS

Description
Methodology
Calculation type
Wetland eco-environment water requirements is a comprehen- The dry land and residents in the study area are mainly distributed in the transitional area, so they are not accounted for in the calculation. Due to evaporation being greater than the rainfall in the study area, a certain amount of water must be added to the consumption of evaporation in order to maintain the water balance equalizing the groundwater level (Lopez & Quintana ) . Lake water consumption was included in the calculation as an important part of the wetland ecosystem. The most common plants in the Shuangtaizi Estuary Wetland were also included in the calculation.
In addition, paddy fields and wetland soils play an important role in maintaining wetland health in protected areas (Sklar & Browder ) . The ecological functions of wetlands can be maintained by ensuring the above types of basic ecological water requirements, while the wetlands can provide the necessary resources for an abundance of species to achieve the goal of conserving biodiversity.
Due to the different goals, the ecological water requirement of wetlands varies. In this research, the wetland ecoenvironment water requirement is divided into the mini- 
Lake surface evaporation water requirement
When the water requirements for the lake reach a steady state, the water storage in the lake will not change. However, in this area, wetland evaporation is greater than the rainfall (Cui & Zhao ) . The amount of evapotranspiration from the lake's surface must be calculated so as to maintain dynamic equilibrium with the groundwater level.
The lake surface evaporation water requirement was computed as:
where W E is the water requirement of evaporation from the lake's surface, m 3 ; A is the surface area of the lake, m 2 ; E is evaporation from the lake's surface, mm; and P is rainfall over the lake, mm.
Wetland plant evapotranspiration water requirement
Plant water requirements include: water consumption from a plant's surface evaporation, water consumption from soil surface evaporation, the amount of water the plant contains, and water consumption for the plants (Liu et al. ) . The amount of water the plant contains and water consumption from the plant assimilation process, which is only 1% of the total plant water consumption, may not be calculated. The water consumption of the plant from surface and soil surface evaporation was computed as:
where W p is the water requirement of wetland plant evapotranspiration, m 3 ; ET m is evapotranspiration, mm; and t is the time in months. 
Wetland soils water requirement
Water in the soil helps to maintain a healthy ecosystem, and to keep the soil water in a certain range. Requirements for water in wetland soils was computed as:
where S is the water requirement of wetland soils, m 3 ; α is the percentage of the field's water holding capacity; h is the depth of the soil, m; and A is the soil area of the wetland, m 2 .
In the above three types of water demand, the lake surface water requirement and wetland plant evapotranspiration water requirement are consumable, however the wetland soil water requirement is non-consumable. This means that the three types of water demand are non-duplicative. Therefore, we can integrate the water requirement of these three parts as:
where W E is the sum of the water requirements calculated above.
RESULTS AND DISCUSSION
Meteorological data 
Water requirement calculation
Lake surface evaporation water requirement
The average monthly rainfall, monthly surface water evaporation, and lake area were used to calculate the total water requirement. The results are shown in Table 2 .
Wetland plant evapotranspiration water requirement
Because there were a wide range of wetland plants, only the most common plants were chosen for calculating the plant evapotranspiration water requirement. In this research, reeds and paddy fields were chosen for analysis (Tang et al. ) . According to the monthly transpiration of reeds and paddy fields from April to September, the Table 3 .
Wetland soil water requirement
Swamp and paddy soil under the reeds are major soil types in the Shuangtaizi Estuary Wetland. The volume percentage of swamp soil was between 45 and 55%, and the volume percentage of paddy soil was between 60 and 70%. In this study, 50% and 65% soil percentages were used, respectively. We used a plant root soil thickness of 0.8 m for the calculation.
The results are shown in Table 4 .
Total wetland water requirement
The total wetland water requirement can be calculated by adding the lake surface evaporation, wetland plant evapotranspiration, and wetland soils water requirements. Table 5 .
The optimum and minimum ecological water requirement
The optimum ecological water requirement Therefore, the rainfall factor was deducted to avoid errors in the resulting data. The average rainfall in the study area from April to September was 571.24 mm and the reed area was 47,028 hm 2 , so the total rainfall was deducted from 268 million m 3 . Similarly, the core area of reed is 13,011 km 2 ;
the rainfall was deducted from 74 million m 3 . Therefore, the optimum ecological water requirement of the total wetland and the core was 239 million m 3 and 67 million m 3 .
The results are shown in Table 6 .
The minimum ecological water requirement
The core zone was the region delimited to protect identified rare and endangered plants and animals. The whole wetland will lose value if this region is lost. To maintain the stable function and ecological water requirement of the core area, the minimum ecological water requirement of Shuangtaizi Estuary Wetland must be met, which also equals the optimum ecological water requirement of the core zone, of 67 million m 3 . As the minimum ecological water requirement, a year with less rainfall cannot meet these requirements will threaten the health of the wetland ecosystem. Therefore, we took precipitation into consideration (Figure 2 ), on the basis of the average precipitation rate, to calculate the minimum ecological water requirement. If the precipitation was less than the annual average precipitation with a probability of 75%, then the shortage of ecological water requirement caused by the other 25% of precipitation probability was added to make a precise calculation of minimum ecological water requirement. As seen in Table 7 .
CONCLUSIONS
In this study, topographical features were extracted from the images based on 3S technology establishing the wetland cover information database. Based on the wetland cover information data, the ecological environment water requirements of the Shuangtaizi Estuary Wetland were calculated. Through calculating the ecological water requirement for a wetland ecosystem, the optimum and minimum ecological water requirements can be provided for the optimal allocation of water resources to achieve scientifically sound and sustainable management practices. 
